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Figure S1. Gene targeting strategies. 

Wild-type gene structures, targeting vectors, and correctly targeted alleles for H3f3a and 

H3f3b are shown. N: neomycin/G418 resistance gene open reading frame. E: EGFP. tdT: 

tdTomato. DTA: human EF1a promoter-driven diphtheria toxin expression cassette for 

negative selection. Primer locations for PCR screens and probe locations for Southern 

blot reconfirmation are labeled. A ~1kb insertion of repetitive sequence was present in 

the targeting vector but screened out in correctly targeted clones. 

Figure S2. PCR screen gel and Southern blots showing identification of correctly 

targeted ES cell clones. 

 PCR and Southern blot results in targeted ES cell clone identification, corresponding to 

the strategies outlined in Figure S1. Red numbered clones were eventually used for 

blastocyst injection/chimera generation. The predicted sizes of products for untargeted 

wild-type (WT) and targeted (mut) alleles are labeled. Red-boxed areas in some Southern 

blot images were differentially adjusted to reduce signal intensity for sharper views of the 

relatively much stronger control signals. 

Figure S3. RNA-seq samples and results. 

(A) Gloss morphology of E10.5 embryos used in the RNA-seq experiment. Genotypes: 

Control: H3f3afl/+; H3f3bfl/+; Sox2-CreTg/0; Trp53-/-, KO: H3f3afl/-; H3f3bfl/-; Sox2-CreTg/0; 

Trp53-/- (B) UCSC RNA-seq tracks at H3f3a and H3f3b loci. Red boxes highlight the 

floxed exons, whose expression was completely lost in the KO embryos. (C) MDS plot of 

the RNA-seq results. (D) Stacked column chart representation of data points in Fig. 6A. 

Illustrating distribution of genes of the total and changed population on their expression 

level range. (E) Stacked column chart representation of red data points in Fig. 6A, 
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illustrating the distribution of genes of different change levels on their expression level 

range. (F) RT-qPCR validation of six genes that showed no significant change in the 

RNA-seq results. (G) Total RNA yields from control and KO embryos. (H) UCSC 

Genome Graphs show distribution of significantly changed genes. Red and green bars 

indicate the genomic locations of up- and down-regulated genes, respectively. (H) MDS 

plot of RE expression in each embryo. (J) The edgeR smear plot visualization of REs 

identified in the RNA-seq results. The single RE with a significant change (FDR < 0.05) 

is plotted red.  

Figure S4. IPA results on canonic pathways. 

Figure S5. IPA results on disease and bio-function pathways. 

Figure S6. ATRX binding to telomeres in H3.3 KO/p53null MEFs. 

ChIP-qPCR results were normalized to their respective inputs. Rabbit IgG is used as the 

control. SEM is from two biological replicates. No statistical difference was found. 

Figure S7. Global levels of histone marks in MEFs, and FAIRE yields. 

(A) and (E) Global level of different histone marks in H3.3 KO/p53null and control MEFs, 

by western blot. Lane 2 and 4 are mutant cell lines; lane 1 and 3 are their littermate 

control lines, respectively. (B) and (F) Levels of respective signal strengths of (A) and (E) 

normalized to total H3 (for histone marks and CENP-A) or β-actin (for TRF proteins) 

levels. (C) Total yield of FAIRE-isolated DNA as percentage of input, two H3.3 KO 

MEF lines and their respective sibling control lines were used. (D) Verification of CENP-

A and TRF1 antibody specificity. ChIP-qPCR results with respective antibodies and 

primers amplifying different repeat sequences and two non-repetitive intergenic 

sequences (Myc U3/U4, upstream of Myc gene promoter) as additional negative loci 



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Jang,	
  Shibata,	
  Starmer,	
  Yee,	
  Magnuson	
  |	
  
	
   	
   Supplemental	
  Figures	
  and	
  Tables	
   	
  

3	
  

control. Rabbit IgG serves as non-specific antibody control. Myc U4 locus enrichment 

level is set as one for normalization in both graphs. Two sibling MEF lines are used (N = 

2). 

Table S1. List of genes identified in RNA-seq data and statistical analysis results. 

Table S2. List of genes identified in RNA-seq data and their annotated information. 

Table S3. List of repetitive sequences identified in RNA-seq data and statistical 

analysis results. 

Table S4. IPA results on canonic pathways. 

Table S5. IPA results on disease and bio-function pathways. 

Table S6. Primer sets used in gene expression and ChIP assays. 

Table S7. Primer sets for genotyping. 

	
  



N tdT
SA pA

DTA

Exon 1 23 4Wild-type allele

Targeting vector

Targeted allele
Homologous recombination

1 kb

H3f3b

RVBsaBI RVBsaBI Xho

N probe
1.6 kb

13 kb
7.5 kb

12 kb

RVBsaBI
BsaBI

Xho

3‘ probe5‘ probe

10 kb
16 kb

1.4 kb 6.0 kb

Exon 1 2 3 4
Wild-type allele

N E
SA pA

FRT attP attB loxP
Targeting vector

Targeted allele

Homologous recombination

1 kb

H3f3a

Swa
Swa

RV RV RV

N probe

Swa RV

3‘ probe

SwaRV

5‘ probe

40.5 kb
5.3 kb

8.5 kb8.0 kb

1.4 kb

1.3 kb 8.8 kb

~1 kb insertion

~9.5 kb (w/ ins.)

~9.8 kb (w/ ins.)
DTA

5.3 kb;
~6.3kb w/ ins.

9.9 kb;  ~10.9kb w/ ins.

5‘ PCR
3‘ PCR

1

2

5‘ PCR

Jang264150_Fig. S1



Old clones
BV 1 2 3 1 2 3 5 6 7 9

12kb

3kb

6kb

1.65kb

New clones
BV 1 2 3 5

12kb

3kb

6kb

WT

WT 10 14B 22
5‘ PCR

5‘ probe w/ BsaBI
3‘ probe
w/ EcoRV&XhoI

Neo probe
w/ EcoRV

mut: 1.6 kb

Southern blot

WT: 10 kb/mut: 13 kb WT: 16 kb/mut: 12 kb mut: 7.5 kb

B:  Positive control with targeted BAC
V:  Negative control with targeting vector
WT: Negative control with
        wild-type genomic DNA

10 14B 2210 14B 2210 14B 22

H3f3b Targeting
clone #

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 C

1.65 kb
2.0 kb

1.0 kb

H3f3a Targeting

5‘ PCR clone #

8 kb

6 kb

5 kb

7 kb 8 kb

6 kb
7 kb

12 kb
B WT 1 2 5 B WT 1 2 5

3‘ probe w/ EcoRV

8 kb
7 kb

12 kb

V B WT 1 2 3 5
5‘ probe w/ SwaI Neo probe w/ SwaI

WT: 5.3 kb/mut: 8.5 kb Mut: 8.5 kbWT: 40.5 kb/ mut: 8.5 kb

3‘ PCR (1) 3‘ PCR (2)

Southern blot

mut: 1.4 kb

mut: 5.3 kb mut: 9.9 kb

Jang264150_Fig. S2



C
on

tro
l

K
O

H3f3a H3f3b

A

B

C

−1.0 −0.5 0.0 0.5 1.0

0.1−
5.0−

0. 0
5.0

Leading logFC dim 1

2 
mid 

CFgol gnidaeL

c1
c2

c3

ko2

ko1
ko3

C
on

tro
l

K
O

p53 null

2 mm c1 c2 c3

ko1 ko2 ko3

c1
c2
c3

ko3
ko1
ko2

Jang264150_Fig. S3

D

0
2
4
6
8

10
12
14
16
18

0 1 2 3 4 5 6 7 8 9 10111213141516

Unchanged
Changed

logCPM

%
 o

f T
ot

al

-1
E

8
6
4
2
0
2
4
6
8

10
12

4 ~ 5
2 ~ 4
1 ~ 2
0 ~ 1

-11 ~ -8
-8 ~ -4
-4 ~ -2
-2 ~ -1
-1 ~ 0

%
 o

f C
ha

ng
ed

logCPM
0 1 2 3 4 5 6 7 8 9 10-1

logFC



H

Jang264150_Fig. S3

up
down

0

1

Clic
1

Cnp
y4

Lm
an

1
Rpl1

3
Rps

26

Zfp8
04

a

Control KO

R
el

at
iv

e 
E

xp
re

ss
io

n 
Le

ve
l

F G

0

20

40

60

80

100

120

140

Control KO

To
ta

l R
N

A
 (µ

g)
/E

m
br

yo

chr1

chr2

chr3

chr4

chr5

chr6

chr7

chr8

chr9

chr10

chr11

chr12

chr13

chr14

chr15

chr16

chr17

chr18

chr19

X

Y



J

I

−0.4 −0.2 0.0 0.2 0.4
Leading logFC dim 1

c1

c2 c3

ko1

ko2
ko3

0 5 10 15

4−
2−

0
2

4

logCPM

CFgol

2 
mid 

CFgol gnidaeL

−0
.4

−0
.2

0.
0

0.
2

−0
.5

−0
.3

0.
1

−0
.1

Jang264150_Fig. S3



Jang264150_Fig. S4



Jang264150_Fig. S5



0

2

4

6

8

10

12

14

Control KO

Atrx

IgG

Fo
ld

 E
nr

ic
hm

en
t o

ve
r I

np
ut

Jang264150_Fig. S6



H3

H3K9me3

H3K79me2

H3K36me3

H3K9me2

H3K
9m

e2

H3K
9m

e3

H3K
36

me3

H3K
79

me2

Cont.
KO

1.6

0
0.2
0.4
0.6
0.8

1
1.2
1.4

0

2

4

6

8

FA
IR

E
 Y

ie
ld

 (%
 In

pu
t)

Cont. KO

A B

C

Jang264150_Fig. S7

N
or

m
al

iz
ed

E
xp

re
ss

io
n 

Le
ve

l

21 43

Littermates

Cont KO Cont KO

D

E

0

40

80

120

160

200

Majo
r S

AT

Mino
r S

AT

Myc
 U

3

Myc
 U

4

Telo
mere

N
or

m
al

iz
ed

 F
ol

d
E

nr
ic

hm
en

t o
ve

r I
np

ut

CENP-A

IgG
TRF1

0

100

200

300

400

Majo
r S

AT

Mino
r S

AT

Myc
 U

3

Myc
 U

4

Telo
mere

F

TRF1

β-Actin

TRF2

21 43

Littermates

Cont KO Cont KO

H3

H3K4me2

CENP-A
TRF1 TRF2

0
0.2
0.4
0.6
0.8

1
1.2
1.4

N
or

m
al

iz
ed

E
xp

re
ss

io
n 

Le
ve

l

Cont.
KO

0

0.5

1

1.5

2

H3K
4m

e2

CENP-A




